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〔報文〕バーミヤーン仏教壁画の材質分析(３)      
－ガスクロマトグラフィー／質量分析法を使用した   
有機物の分析：B(d)窟－ 
 






























 分析には，Hewlett Packard 5972ガスクロマトグラフィー／質量分析装置を使用した。
DB-5MSキャピラリーカラム（30m×0.25mm×1μm）を分離カラムとし，ヘリウムをキャリアー
＊Getty Conservation Institute (GCI) 






































































































































































































BMM 063 B(d) red and ground 76 15 7.0 25.7 0.0 123.2 10.7 1.2 52.4 17.0 0.0 0.0 3.1 2.4 4.7 
       
Reference Oils       
plane tree gum modern ref, 2006, Bamiyan 0.4 0.9 0.0 2.0 0.2 0.4 3.8 1.5 1.7 1.3 2.5 0.5  
almond oil (film) M. Schilling 1989 (Fuwler) 0.5 3.5 0.0 15.9 0.7 0.0 4.6 4.2 0.4 1.5 1.1 3.4  
linseed oil refined M. Schilling 1989 (Windsor Newton) 4.9 35.5 0.0 365.2 14.5 0.6 165.0 134.7 3.4 25.1 1.2 2.2  
poppyseed oil M. Schilling 1989 (Grumbacher) 7.0 70.2 0.0 655.7 20.9 0.6 365.7 116.6 4.4 18.7 3.1 1.8  
poppyseed oil cold pressed M. Schilling 1989 (Grumbacher) 6.8 72.2 0.0 591.3 19.6 0.8 414.0 117.8 4.1 107.0 3.5 1.4  
poppy oil sunbleached M. Schilling 1989 5.1 46.2 0.0 414.7 12.4 0.4 328.6 74.1 3.1 5.2 4.4 1.3  
sesame oil M. Schilling 1989 (Allowhead Mills) 1.1 7.5 0.0 56.5 1.9 0.3 105.4 89.5 6.6 227.9 1.2 0.5  
soy oil M. Schilling 1989 (Spectrum Naturals) 3.4 26.0 0.0 201.2 9.7 0.6 252.8 116.3 7.1 21.7 2.2 0.8  
sunflower cold pressed M. Schilling 1989 (Schminke) 0.4 2.9 0.0 21.2 1.1 0.0 6.3 12.2 0.7 2.4 0.5 3.4  
tung oil M. Schilling 1989 (China) 0.2 2.7 0.0 31.8 0.4 0.8 102.0 109.9 6.1 325.0 0.9 0.3  
walnut oil M. Schilling 1989 (Spectrum Naturals) 5.4 40.2 0.0 363.5 11.6 0.4 117.5 37.3 1.6 2.5 3.1 3.1  
walnut oil rougie M. Schilling 1989 4.5 35.4 0.0 339.9 12.4 0.5 324.5 142.3 4.1 12.5 2.3 1.0  
sufflower M. Schilling 1989 4.8 38.0 0.0 286.2 12.0 0.8 147.8 112.6 12.5 16.3 1.3 1.9  
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／ステアリン酸比）が有効であることが知られている10,11)。本試料BMM063では，P/S値がおよ
そ３の値を示しており，これを，他のリファレンスデータと比較すると，P/S値が２あるいは






















































































































BMM 063 B(d) red and ground 76 30 16.9 24.8 4.1 8.9 3.3 15.8 8.5 5.5 5.1 11.9 17.1 11.3 1.6 
 
表３ 試料（BMM063）およびレファレンスのアミノ酸７種濃度比とデータ間の相関係数 
concetration, mole% sample/reference 
alanine valine isoleucine leucine glycine proline hydroxyproline 
corr. coeff. 
BMM 063 20.7 3.8 2.8 7.4 36.1 15.0 14.3 1.000 
Isinglass (zecchi) 18.1 3.4 2.2 4.1 46.9 15.0 10.3 0.976 
collagen & gelatine (mean) 15.7 3.0 1.8 3.7 46.7 16.7 12.4 0.971 
egg white (mean) 22.0 18.3 12.8 21.6 14.8 10.5 0.0 -0.028 
whole egg (mean) 22.0 17.4 13.2 22.0 14.5 10.9 0.0 -0.038 
egg yolk (mean) 20.9 16.6 13.3 23.2 14.1 11.9 0.0 -0.070 
casein (mean) 10.9 16.9 12.8 22.0 8.6 28.8 0.0 -0.305 
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ルクリーニング剤を用いたセッコ壁画表面の保存処理法に関する研究（研究代表者：谷口陽子）］
による成果の一部である。本稿に報告したゲティ保存研究所 (Getty Conservation Institute: GCI) に
おける分析は，研究課題A comparison study of Enzyme-linked Immunosorbent Assay (ELISA) 
antibodies and GC/MS for organic materials in mural paintings from Bamiyan (Afghanistan) (Y. 
Taniguchi, J.Mazurek) としてGCIから助成を受けた研究の一部として実施されたものである。 
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フィー／質量分析法（GC/MS）；乾性油（drying oils）；アミノ酸（amino acids） 
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Constituent Material Analysis of the Bamiyan Buddhist  
Mural Paintings (III): Analysis of Organic Materials  
in Mural Paintings from Cave B(d)  
by Gas Chromatography/Mass Spectrometry 
 
Yoko TANIGUCHI and Joy MAZUREK＊ 
 
Through our analytical and technical studies of the Bamiyan mural paintings, at least three 
types of painting techniques have been identified. One of the types consisted of drying oils, 
metal soaps, resins, proteins and gums in the same painting as multiple layered structures.    
In order to confirm these presences and identify these materials, a combination of three 
methods of GC/MS(oils/resins/waxes, amino acids/gums), which was developed by the Getty 
Conservation Institute, was employed. 
An example sample, BMM063, from Cave B(d) dated ca 7-8th century AD showed that high 
concentrations of azelaic acid and high A/P value (2.4) indicated the presence of drying oils 
which had been oxidised over 1,000 years of exposure to semi-outdoor environment. Only among 
known modern references, reasonable similarities of P/S value indicated possible poppy seed oil/ 
walnut oil, unlike tung oil/ linseed oil.  
The very same sample was analysed with the method for amino acids, and showed the 
presence of high amino acids from the sizing layer. Comparison with known references indicated 
that the correlation seemed to indicate animal glue unlike casein and egg.  
In Bamiyan, as far as we analysed, various painting materials and techniques have been 
employed through the ages. Therefore, this result from Cave B(d) will not represent all of the 
Bamiyan paintings. The materials and the multi-layered structures reminded us of medieval 
European oil paintings rather than Buddhist paintings in Asia. However, the fact that the source 
of the word 'mitsuda-e (ancient paintings depicted with drying oils)' may be originated in the 
Persian/Western Chinese regions, may indicate possible association of such ancient oil-based 
paintings to this oldest oil paintings of Central Asia. 
This is the first earliest provocative example of oil paintings in the world, prior to known 
examples in the European region. In order to deepen such technical studies, ancient treaties of 
paintings such as Eraclius should be referred to.  
Further studies of surrounding sites and areas in Central Asia are expected to provide 
deeper and broader understandings of the painting techniques along the Silk Road and the far 
Eurasian continent. 
 
＊Getty Conservation Institute 
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